Background Pregnancy outcomes in the general population are important public health indicators. Purpose The overall aim of this study was to investigate the outcomes of reported pregnancies within a well-defined population, to identify risk groups for adverse pregnancy outcomes, and to suggest preventive measures. Method A prospective population-based cohort study of pregnant women in Bavi district, Vietnam between 1 January 1999 and 30 June 2004. Results Pregnancy outcome was reported for 5,259 cases; 4,152 (79%) resulted in a live birth, 67 (1.3%) in a stillbirth, 733 (14%) in an induced abortion, and 282 (5.4%) in a spontaneous abortion. There was an increased risk of home delivery for women from ethnic minorities (OR=1.85; 95% CI=1.06-3.24) or with less than 6 years of schooling (OR= 7.36;). The risk of stillbirth was increased for ethnic minorities (OR=6.34; 95%CI=1.33-30.29) and women delivering at home (OR=6.81; 95%CI= 2. 40-19.30). The risk of induced abortion increased with maternal age. Conclusion Our findings emphasize the public health significance of access to adequate family planning, counselling, and maternal health care for all women. Policies should specifically target women from high-risk groups.
Introduction
Fertility rates and pregnancy outcomes among the general population are important public health indicators, both for assessing reproductive health status in a community and for planning health care services. Adverse pregnancy outcomes such as spontaneous abortions and stillbirths exert an impact on a woman's present and future reproductive health [1] [2] [3] . Important risk factors for adverse pregnancy outcomes are closely linked with individual factors such as previous reproductive history, intercurrent morbidity, and socioeconomic conditions and to contextual factors such as the quality of and access to maternal health care [2, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Contextual factors are of particular importance in lowincome countries such as Vietnam where this study was conducted. In 2002, the Ministry of Health in Vietnam estimated the proportion of stillbirths at 6.1 per 1,000 live births and that of miscarriages at 22.4 per 1,000 live births. In general, Vietnam enjoys better public health and gender equality indicators than other countries in the same income category or in the region [16] . The legal and institutional framework is in place for reproductive health, but there are still areas of concern; for example, the access to modern contraception methods varies greatly. Women from ethnic minorities, adolescents, and the migrating labor force are identified as vulnerable groups for reproductive health complications [16] .
Currently, the total fertility rate in Vietnam is the lowest ever reported (2.11 births per woman), and all methods of modern contraceptives are legal. Although not an adverse outcome, an induced abortion indicates a failure in the use of contraceptive methods [17, 18] . Abortion has been legal in Vietnam since the 1960s, but did not became widespread until the late 1980s in connection with the strictly implemented population policy of limiting births to two children per family, spaced 3-5 years apart, and delaying marriage and childbearing until at least the age of 19 [19] [20] [21] . The abortion rate increased rapidly to become one of the highest in the world; in 1996, it was estimated at 83 per 1,000 women aged 15-44 years [22, 23] . Family planning services are regulated by law and provided both in the public and private sectors. In 2003, almost 80% of women aged 15-49 years used some kind of contraception. The most common method is intrauterine device followed by withdrawal and safe periods. A minority used oral contraception. In Vietnam 6.8% of couples are sterilized and there are government incentives for individuals who undergo sterilization [24] .
Women's access to reproductive health care varies widely in Vietnam. The national health care system in Vietnam is organized on the basis of community health stations (CHS), which are responsible for primary health care including family planning, surgical abortions, and delivery services. A national plan for safe motherhood, running from 2003 to 2010, has been developed to address the issues of quality and access to delivery services [6] . In the Red River Delta where the current study was performed, almost all deliveries (98.7%) take place at a health facility and 98% of expectant mothers attend antenatal care [25] .
Vietnam is currently in a transitional period with a rapidly growing economy and extensive changes within the health care system, which may affect the access to health care and maternal health outcomes. Traditionally, primary health care has been free of charge or with low fees, but some evidence indicates that the economic reform from 1986 (the doi moi) has altered the system, making primary health care less affordable, especially for the poor. The government introduced user fees in the health care systems in 1989 to allow for appropriate funding. The reform allowed, among other things, an establishment of a private sector in Vietnam, which led to a decline in the utilization of public health care. In 2001, "out of pocket" health payment represented 87.6% of the health care costs nationwide [6, 24, 26] .
This study investigated the maternal sociodemographic factors' influence on pregnancy outcomes during a specified time period in a rural district in Vietnam.
Aim
The overall aim of this study was to investigate the outcomes of all reported pregnancies within a well-defined population, to identify risk groups for adverse pregnancy outcomes, and to suggest preventive measures.
Method
The study was conducted in Bavi district, a rural setting in Ha Tay province, approximately 60 km north of Hanoi. The district has 240,700 inhabitants, 20% of which were randomly selected to be surveyed in the epidemiological field laboratory in Bavi (FilaBavi) where population-based demographic and health data have been collected since 1 January 1999. The data collection procedure has been described in detail elsewhere [27] . The majority ethnic group is Kinh (96%), but other ethnic groups such as Muong and Dao are also represented. The main source of income is farming (80%); other sources include small trade and forestry. Most health care is publicly administered, but the area also has a number of private practitioners [27] . There are 32 CHS, three outpatient clinics (so-called policlinics), and one district hospital, which provides surgical facilities. Each CHS is generally staffed with a medical doctor, assistant doctors, nurses, and midwives and equipped with oral and intravenous drugs. Women in need of more qualified medical care are referred to the district hospital [28] .
Three baseline surveys have been performed in the area within the management of the field laboratory (1999, 2001, and 2003) , recording socioeconomic data such as education, income, and marital status. All selected households are visited every 3 months by a female surveyor from the field laboratory, and various data are collected from the individual women: the first day of the last menstrual period (LMP), ongoing pregnancy, and pregnancy outcome. In the current study, information on socioeconomic factors and household information from the baseline survey in 2001 was used.
The FilaBavi was designed in order to reduce selection bias by random selection of households in the catchment area [27] . Recall bias was avoided by a relatively short time period between the events and the data collection (less than 6 months). Maternal recall of pregnancy outcome has been shown to be minimal after 3-9 years [29] . To ensure internal validity, the data were regularly cross-checked by another surveyor revisiting the households and the field laboratory supervisors. 
Definitions and Abbreviations

Dependent Variables
Stillbirth was defined as the birth of a dead fetus, as reported by the woman with a gestational age equal to or more than 24+0 weeks (i.e., 169 days).
Spontaneous abortion was defined as a noninduced termination of pregnancy at or before 23+6 gestational weeks (i.e., 168 days).
Menstrual regulation (MR) is a term commonly used in Vietnam to denote a manual vacuum aspiration of the uterus in a probable (but not always confirmed) early pregnancy. Menstrual regulation was defined as the pregnancy outcome when reported as such by the woman. In the logistic regression analysis, menstrual regulation was included with all other methods of induced abortion.
Induced abortion was defined as any induced termination of the pregnancy as reported by the woman, except for menstrual regulation, which was categorized separately.
Place of delivery was classified as reported by the woman. In the logistic regression analysis, place of delivery was regrouped into either facility-based (CHS or hospital) or home-based (including the house of a traditional birth attendant [TBA]).
Independent Variables
Last menstrual period (LMP) was defined as the date of the first day of bleeding in the menstrual period preceding the pregnancy.
Gestational age was defined as the number of days between the date of LMP and the date of the pregnancy outcome.
Interpregnancy interval was defined as the number of months reported between the outcome of a previous pregnancy and the date of LMP for the subsequent pregnancy. A month was estimated as 30.4 days.
Minority was defined as belonging to any ethnic group other than Kinh.
Maternal age was defined as the age of the woman at the date of reported pregnancy outcome.
Economic status was categorized on household level as reported by the head of the village community. The annual income per person per year was <90 USD in low-income households, 91-135 USD in average-income households, and >136 USD in high-income households.
Area of residence was categorized as reported by the local authorities. The areas differ in mean income level and main source of income distance to health care.
Stillbirth incidence was defined as the number of stillbirths per 1,000 live births and stillbirths.
Statistics
Statistical analysis was performed using SPSS version 13.0. Mean values and their standard deviations (SD) were calculated for parametric data. Bivariate analysis of categorical data was used to obtain crude odds ratios (COR) and their 95% confidence intervals (95%CI). Statistically significant variables were then entered stepwise in the multivariate logistic regression analysis to obtain adjusted ORs (AOR) and their 95%CI.
Results
A total of 5,838 pregnancies reported by 4,396 women were included in the study over the 5-year period. Information on pregnancy outcome was missing for 579 women. However, 388 of these had a LMP later than 31 March 2004, and therefore, the pregnancies were assumed to be ongoing at the time of data extraction; thus, 3.3% of the total cases were lost to follow-up. Pregnancy outcome was reported for 5,259 cases; 4,152 of these (79.0%) resulted in a live birth, 67 (1.3%) in a stillbirth, 733 (14%) in an induced abortion, and 282 (5.4%) in a spontaneous abortion. Other pregnancy outcomes were reported for 25 cases (0.5%), including extrauterine pregnancy (n=23) and molar pregnancy (n=2). The socioeconomic characteristics for each specified pregnancy outcome are shown in Table 1 .
The COR for each independent variable and their associated 95%CI are presented in Table 2 for induced and spontaneous abortions, stillbirths, and birth place outside health care services.
First-time marriage was reported by 530 women during the study period (mean age and SD 20.8±3.2 years), and 70.9% of these (n=376) reported a pregnancy within 1 year of marriage. Mean age and SD at first child was 22.4± 3.4 years. Among the women who married for the first time during the study period, the pregnancy outcome was 91.8% live births, 0.9% stillbirths, 0.5% induced abortions, 6.4% spontaneous abortions, and 0.5% other outcomes.
The mean interpregnancy interval and SD for all women (n=1,237) between the first and second pregnancy was 16.9±11.4 months. The mean interpregnancy interval and SD between two live born children (n=587) was 19.7± 9.9 months. During the 5-year study period, 1,237 women (28%) reported two pregnancies, 191 (4.4%) reported three pregnancies, and 13 (0.3%) reported four. Figure 1 shows the proportions of live birth, stillbirth, induced abortion, and spontaneous abortion in relation to the number of pregnancies during the study period among women with subsequent pregnancies (n=1 441).
Induced Abortions
The induced abortion rate during 1999-2000 was estimated at 20 per 1,000 women aged 15-44 years; it decreased rapidly to seven per 1,000 women in 2001, and remained low during 2002 and 2003 (six and five per 1,000 women, respectively). Figure 2 shows the yearly induced abortion rates per 1,000 person-years, by age strata. Women aged 25-34 years had the highest rates and the most rapid decline, while the rate for women aged ≤19 years remained very low and stable throughout the study period.
The majority of induced abortions (82%) were reported as menstrual regulation with a mean gestational age and SD of 44.8±14.4 days. The mean gestational age and SD for other methods of induced abortion was 79.3±36.6 days.
Maternal age, marital status, and occupation all remained significant in the multivariate analysis. 
Stillbirths
The overall stillbirth incidence for the study period was calculated at 15.9 per 1,000 births with a mean gestational age and SD of 235±41 days. In the multivariate analysis, ethnicity was included because it is known from previous studies to be a risk factor. Belonging to an ethnic minority (AOR=6.34; 95%CI=1. 33-30.29 
Spontaneous Abortions
The mean gestational age and SD was 81±31 days. Maternal age was the only significant determinant for a spontaneous abortion in the bivariate analysis. Maternal age of <20 years (COR=1.79; 95%CI=1.25-2.60) or ≥35 years (COR=2.07; 95%CI=1.37-3.13) was associated with an almost doubled risk of spontaneous abortion in comparison with a maternal age of 20-24 years ( Table 2) .
Place of Delivery
Among women reporting a live birth or a stillbirth, 97.3% had delivered at a CHS or a hospital, while 2.7% had delivered at home or at the house of a TBA. Most deliveries (97.8%) were assisted by a doctor, a midwife, or a medically trained private health care provider. Around 1% was assisted by a TBA and 0.1% of cases had no assistance. Among the study population, the mean distance to a CHS was 1.7 km (range=0.01-9 km). The multivariate analysis showed that women from ethnic minorities, women with less than 6 years of education, and women living in the mountainous area had an increased risk of delivering their child outside the health care system. Marital status and income category were significant in the bivariate analysis, but their effect was modified by the educational level (Table 3) .
Discussion
We found in this study that 80% of all pregnancies resulted in a live birth and the overall incidence of stillbirth was estimated at 15.9 per 1,000 births. Women from ethnic minorities presented increased risks of home delivery and associated stillbirth. The induced abortion rate decreased during the study period and was most prominent for women aged 25-34 years. The data in this analysis provide robust, current estimations of the prevalence and rates of specified pregnancy outcomes which contribute to our understanding of the state of maternal health in Vietnam.
Methodological Considerations
Internal Validity
The study setting in FilaBavi minimized challenges to internal validity.
External Validity
The presence of a field laboratory in the community will probably have increased the general awareness of health care-related issues. It may be assumed that the population in Bavi in general is better informed about health care; a matter which might affect the general health situation, compared to other parts of rural Vietnam. This might reduce the generalizability of the study; however, we believe that the effect is marginal as numerous other health research and implementation initiatives are ongoing in different parts of the country.
Comparison with Other Studies
The overall proportions of the specified outcomes in this survey are similar to those found in a retrospectively collected population-based survey conducted in Vietnam in 1994, which include 3,954 pregnancies (live birth 81%, miscarriage or stillbirth 6%, induced abortion 13%) [20] . It is striking that the pregnancy outcomes are similar between the two surveys, taking into consideration the rapid economical changes that Vietnam has undergone during the last decade. The similar findings in these two studies indicate that the primary health services have kept their standard despite the decreasing financial support. The mean age at first marriage and childbearing, as well as the interpregnancy intervals, are comparable to the results reported in other studies from Vietnam [20, 25] . The proportion of spontaneous abortions (6.4%) in the subgroup of women who married for the first time may be regarded as an indication of the prevalence of miscarriage where the intention is to reach a live birth. There are, to the best of our knowledge, no previously published data on age-specific rates of induced abortion in Vietnam. The age-specific rates showed that women aged 25-34 years made the greatest contribution to the induced abortions, and there was a prominent reduction in the induced abortion incidence during the study period, especially in this age group (Fig. 2) . For young women (15-19 years) , the rates remained low and stable. The annual incidence of induced abortion was substantially lower than previously published data gathered in Vietnam in 1996 (83 per 1,000 women) [22] . Our results are most probably underestimates, since an induced abortion might be culturally and personally sensitive to report. There is, however, no reason to believe that the underreporting should change over time and to a similar degree in all age categories, and hence the reduction is probably a valid finding, which needs further exploration.
Our finding that there is a decrease in live births after the second pregnancy (Fig. 1) , which is almost mirrored by an increase in induced abortions, might explain the increasing rates with maternal age. A possible explanation is that induced abortions are used as a method of family planning especially among married women with two children. Women in Vietnam still have a limited sex-negotiating power and unprotected sex within marriage is common, few men take responsibility for the contraception method used [16, 24] . The reduced rate during the study period might be explained by an improved access to modern methods of contraception as well as an eased implementation of the two-child policy which was officially abolished in 2003. Previous studies in Vietnam and elsewhere show that the increased use of contraception reduces the abortion rate [17, [19] [20] [21] 30] . Official Vietnamese data show a reduction in induced abortions and an increase in the use of modern contraceptive methods between 2000 and 2005 [31, 32] . The finding that married women with increasing age had more abortions than young single mothers might be considered surprising but could be explained by the fact that young women that become pregnant chose to keep the pregnancy and marry their partner. In summary, the induced abortion rate in Vietnam is probably declining, but it seems that induced abortions may still be used as a method of family planning, especially among older women.
The incidence of stillbirth (Table 2) was substantially higher than previously reported for Vietnam (six to 10.0 per 1,000 births) [32, 33] . Minority ethnic groups were at increased risk of stillbirth and home delivery. Women with less than 6 years of education had an increased risk for home delivery. These findings correspond well with other studies in which women with less education or from nonKinh-dominated areas were found to be more likely to deliver at home or with an untrained attendant [16, 34] . These results point to a structural public health problem within this context and indicate a possible mistrust or lack of access to maternal health care among some groups of women. We assume that the absolute numbers of stillbirths have been underestimated due to the sensitivity of the issues of infant death and stillbirth, as has been shown elsewhere [35, 36] . The Vietnamese tradition of not considering an infant fully human before 1 year of age and the reluctance to report the death of a child exceeding the two-child policy might constitute additional factors [36] . Nevertheless, our estimations were higher than other sources and the quarterly follow-up system of FilaBavi has previously been shown to detect the highest numbers of deaths in the community and to produce more valid data than the official sources [35, 36] .
Conclusion
The pregnancy outcomes in this study are coherent with previous studies from Vietnam; however, the results indicate that women from ethnic minorities or with less than 6 years education are more at risk for home deliveries and associated stillbirth, and further studies should aim to investigate this. The study further indicates that induced abortions might be used as a method for family planning. This emphasizes the public health significance of access to adequate family planning, counselling, and maternal health care for all women. Policies that target women from highrisk groups are needed. Actions to be suggested include increasing the number of women from ethnic minorities as health care providers and improving the collaboration between TBAs and the national health care services. It is also necessary to assure information and access to modern contraceptive methods universally and strengthen the counselling on contraceptive methods in association with an induced abortion.
